A -study Design, B -Data collection, C -statistical analysis, D -Data Interpretation, E -Manuscript Preparation, F -literature search, G -funds collection Background. arterial hypertension is an essential, often underestimated medical problem among school youth. Maintaining a low blood pressure (BP) in children should be an important point of pediatric preventive healthcare. Objectives. In our study, we considered the influence of physiotherapy on the blood pressure level in a group of 233 children aged from 8 to 15 years taking part in a rehabilitation camp for children in the szklarska Poreba mountain resort (95 children in 2014 and 138 children in 2015). Material and methods. the children selected for the study suffered from asthma or recurrent respiratory infections. Measurements were made before and after physiotherapy. During the camp, the children were examined two times in 2014 and three times in 2015. the database created contained 1,208 scores of systolic and diastolic BP. the control group consisted of 50 children whose BP was measured in the same hours, but during the weekend, which was free of physiotherapy. Moreover, the values of heart rate (hr) during the first measurement were recorded, both in 2014 and 2015. Results. systolic BP after physiotherapy was significantly lower than before. this result was achieved in every five measuring sessions. In the control group, BP measured in the afternoon was higher than in the morning. the values of hr were not significantly different. the values of BP before and after physiotherapy between children treated with inhaled glucocorticoids and treated without glucocorticoid were not statistically significant. Conclusions. our studies showed that morning exercise can significantly reduce blood pressure in children throughout the day, even in those who were treated with inhaled glucocorticoids. Key words: children, blood pressure, hypertension, exercise, adolescents.
Background
arterial hypertension is an essential, often underestimated medical problem concerning 3-3.5% of children up to the age of 18 years. the size of the problem is greater among adolescents and reaches 10% in this age group [1] . Primary hypertension is the most common type of arterial hypertension among schoolchildren. It is often associated with being overweight and metabolic disorders [2] . according to the results of the clinical project oLaf (oLaf -Development of blood pressure standards for the population of children and adolescents in Poland), which was performed in [2007] [2008] [2009] in Poland, the conclusion can be drawn that the problem of hypertension is connected with the 'obesity epidemic'. this is similar to the situation in other european countries [3, 4] . according to other research, children with higher blood pressure (BP) are in a risk group for developing a metabolic syndrome in the future [5, 6] . these facts show how important regular blood pressure monitoring is, as well as prevention programs. Broadly defined physical activity should be considered not only as a remedy for obesity, but also as a method for reducing blood pressure (Peh -post exercise hypotension). In this study, the influence of physiotherapy on the blood pressure level in a group of 233 children aged from 8 to 15 years has been considered.
Objectives
the aim of our research was to check the influence of rehabilitation care, which consisted of cardio exercises and physiotherapy, on blood pressure among children with respiratory tract disorders during a rehabilitation camp in the szklarska Poreba mountain resort (Poland).
Material and methods
BP measurements were the elements of a medical examination which was part of medical care during the rehabilitation treatment camp, funded by the agricultural social Insurance fund (Krus). our research was performed during a summer rehabilitation camp for children with respiratory tract disorders in the szklarska Poreba mountain resort. During this camp, children attended physiotherapy, which consisted of: classic massage, aerobics, nordic walking, individual and group gymnastics, swimming pool classes, mountain hiking, karate classes and salt baths. every child performed cardio exercise, such as group gymnastics, aerobics and some form of physiotherapy (massage, corrective gymnastics or salt baths) every day except the weekend (which was set aside for other activities, i.e. sightseeing, visiting museums, etc.). these activities were carried out by skilled and qualified personnel. the cardio exercises were provided in separate groups for boys and girls and at different levels. the difficulty of the exercises was adjusted in such a manner that all the children, no matter how fit they were, managed to attend them. children with very high BP in the morning reported to a doctor who decided, after an examination, whether or not they could attend the exercises. BP results were collected during two camps in july 2014 and july 2015, both of which were attended by 240 children. In view of the large number of children, only 233 of them, randomly selected, were measured, and 48 of them were treated with inhaled glucocorticoids (95 in july 2014 and 138 in july 2015). In july 2014, BP was measured twice, and three times in july 2015. BP was measured two times a day; the first measurement was made in the morning (between 7 a.m.-8 a.m.) before any exercises. the second measurement was made in the afternoon, a minimum of 15 minutes after the last physiotherapy treatment planned for that day (between 2 p.m.-4 p.m. every group had a different schedule). Blood pressure was measured on five occasions twice a day: the 1 st and 2 nd measurements were made in july 2014 among 95 children; after 3 days and 2 weeks of activities, respectively (190 measurements of BP before and after physiotherapy, total od 380 values of BP in 2014). the 3 rd , 4 th and 5 th measurements were made in july 2015 among 138 children after 3 days, 1 week and 2 weeks of activities, respectively (414 measurements of BP before and after physiotherapy, total of 828 values of BP in 2015). the age of children in each measurement was different. total database: 1,208 values of BP.
Moreover, heart rate was recorded during the 1 st and 3 rd measurement (in view of the large number of children and limited number of researchers, hr was measured only at the beginning of the camp after 3 days of activities, both in 2014 and 2015). the control group consisted of 50 children whose BP was measured in the same hours, but during the weekend, which was free of physiotherapy. BP was measured in a seated position with the use of a mercury sphygmomanometer (with different cuff sizes proper to the diameter of the arm) and a stethoscope. the database was made using Microsoft excel 2014, and statistical analysis was performed with the statistica program by statsoft Inc.
Results
the average sBP from all measurements before physiotherapy treatment was 110.5 mm hg and was higher than the average sBP from measurements made after that treatment, which reached 105.5 mm hg. the highest single values of systole and diastole BP before physiotherapy treatment were, respectively, 175 and 106 mm hg, whereas the highest values of systole and diastole BP after that treatment were 155 and 103 mm hg (table 1). the average values of sBP with standard deviation in 5 groups of measurements made in years 2014-2015 are presented in the graph ( figure 1) . the average values of sBP after physiotherapy treatment were statistically significant and lower than before therapy in all 5 groups of measurements (table 2) .
the average values of diastolic blood pressure (DBP) were statistically significant and lower after physiotherapy only in group number 4. other average values of DBP were not significantly different before and after physiotherapy. the values of sBP and DBP before physiotherapy between children treated with inhaled glucocorticoids and those treated without glucocorticoid were of no statistically significant difference (p > 0.05). the values of sBP and DBP between both groups of children after physiotherapy were also of no statistically significant difference (p > 0.05) (table 5) . the values of sBP among children treated with inhaled glucocorticoids were statistically significant and lower after physiotherapy than before, both in 2014 and 2015 (p < 0.001) (figure 4). DBP before and after physiotherapy was not statistically different before and after physiotherapy among this group of children. analysis of sBP in the age group of 8 to 15 years revealed that the average values of sBP after physiotherapy treatment were statistically significant and lower than before therapy in all age groups (except 9 year-olds). furthermore, the mean values of DBP in the youngest and the oldest age groups were lower after physiotherapy. other average values of BP were not statistically different before and after physiotherapy (table 3) . a control measurement of BP among the children who did not take part in physiotherapy treatment on the day of measurement was made in the morning and afternoon (typical time for correct research measurements). the average values of sBP and mean arterial pressure (MaP) were, in contrast to research measurements, significantly higher in the afternoon than in the morning ( figure 2) . the mean values of DBP were not of statistical significance in the morning and afternoon. analysis of MaP showed that the average MaP values after physiotherapy treatment in the following age groups: 8, 11 and 13-15 year-olds, were statistically significant and lower than before therapy. In other age groups, the differences between average MaP values before and after physiotherapy were not statistically significant. In the control group, the average MaP value in the afternoon was statistically significant and higher than in the evening (table 4). the values of heart rate (hr) before and after physiotherapy treatment among male and female children were not of statistical importance. the average values of hr were similar before and after physiotherapy (figure 3). source of funding: this work was funded by the authors' resources. conflict of interest: the authors declare no conflict of interests. age sBP measured in the afternoon on the day which was free of physical effort was 12 mm hg higher compared to the sBP noticed at the same time of day but after physical activity, and the difference concerning DBP was 5.4 mm hg. furthermore, the afternoon sBP in the control group was 11.9 mm hg higher, and DBP was 3.3 mm hg higher compared to the values measured in the morning. children who were exercising during the day had lower BP in the afternoon than in the morning. according to these results, we can assume that morning exercises performed by children and adolescents not only prevent BP from rising during the day, but also decrease it.
the existence of Peh among normotensive adults was questioned in some research studies. Moreover, some of the studies reported an increase of BP after physical activity [10] . the participants of our rehabilitation treatment camp had some mild respiratory tract disorders, but their BMI, blood pressure and fitness was typical for the Polish population of children between 8 and 15 years of age. Most of the participants were normotensive. according to these facts, we can assume that physical activity has a positive effect on blood pressure among schoolchildren. the duration of Peh in this population and its long-term influence on BP requires further investigation.
the values of hr were not significantly different before and after the exercises, and according to this fact, we can exclude the influence of hr changes on BP.
considering the fact that there was no possibility to divide the groups of children who had only cardio exercises without physiotherapy (and vice versa), our research is unable to show the impact of physiotherapy itself on BP.
the intensity of effort was not standardized in our research, which means that our research can only evaluate the effect of rehabilitation generally, without differentiating between it's particular components.
Conclusions
rehabilitation procedures provided during rehabilitation summer camp significantly lower sBP in schoolchildren and adolescents with respiratory tract disorders. Post exercise hypotension is noticeable in the group, manifested by a lower sBP after the physical activity.
Discussion the changes observed in BP seem to be the effect of post exercise hypotension (Peh), defined as a blood pressure decrease after exercise as the result of physical exertion, which is observed after its cessation. the first publications describing this phenomenon were published nearly 50 years ago [7] . the physiological background of this process is not clearly identified, but it is assumed that reduction of peripheral resistance caused by higher secretion of atrial natriuretic peptide (anP), lower activity of peripheral sympathetic neurons, increased secretion of nitrous oxide and dilatation of peripheral vessels as a response to heat production seem to play the most significant role. endogenous opioid mediators in the central nervous system and the activity of central serotonergic mechanisms are also indicated as responsible for Peh [8] . Many publications show that Peh is more pronounced among people with hypertension (especially among those with stage 1 hypertension) compared to normotensive individuals [9, 10] . an interesting fact is that Peh can be achieved by short-lasting and non-intensive effort [11] , and it may last up to 16 hours after exercise [9] . all the abovementioned statements were determined by research made among adult individuals, where most of the subjects were middle-aged males with high normal BP or with stage 1 hypertension. an important question is whether the existence of Peh has an influence on the long-term hypotensive effect or not. this correlation has not been unambiguously confirmed; however, some publications show that it is very likely to exist [12, 13] .
according to our knowledge, the observation of Peh among children is limited to two research studies conducted on small groups (16 and 10 individuals) [14, 15] . In our study, 240 children were examined, and their BP was taken five times before and after exercise.
our readings have shown a statistically significant lowering of sBP after the exercises, although the decrease in DBP was not statistically significant. other publications also show that physical activity has a larger impact on sBP than DBP [8] .
another significant observation is the difference between the average values of sBP measured after the exercises with reference to the control group consisting of 50 children. the aver-
